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复合获得的粘结剂表现出较高的机械强度，使用这两种粘结剂的电极在 420 mA 
g
-1电流密度下经 300 次循环后保持的可逆容量约为 2100 mAh g-1；在 2100 mA g-1









-1，首周库伦效率 84.8%，100 次充放电循环后能保持 1016 mAh g-1
的容量；使用蚕丝蛋白作为粘结剂的电极首周充电比容量为 2717 mAh g-1，首周
库伦效率 76.0%，100 次充放电循环后容量保留 1079 mAh g-1；使用卵清蛋白作
为粘结剂的电极，其首周充电比容量为 3006 mAh g-1，首周库伦效率 77.9%，300






















 Si is a promising anode material for next-generation high energy density 
lithium-ion batteries due to its high theoretical capacity, relatively low Li
+
 insert 
potential and nature abundance. However, Si anode has unstable cycle performance 
because of the huge volume change during charge/discharge processes. In this study, 
we have tried to improve the electrochemical properties of Si anode by preparing the 
binders with robust mechanical strength and developing new binders. 
 We have prepared a series of hydrogel alginate binders (M-alg, M= Al, Ba, Mn, 
Zn) by coordinating alginate molecule chains with different cations, and have applied 
them on Si anodes respectively. Among these binders, Al-alg and Ba-alg binder 
exhibit superior mechanical properties. The Si anodes with Al-alg or Ba-alg both 
deliver the capacities near 2100 mAh g
-1
 after 300 cycles at 420 mA g
-1
, and present 
their capacities near 1770 mAh g
-1
 after 500 cycles at 2100 mA g
-1
. When the Si 




, the electrodes with Al-alg or 
Ba-alg still have remarkable advantages. The morphology characterizations 
demonstrate that it is easier for the electrodes with more robust binders, Al-alg and 
Ba-alg, to keep integrity better than those electrodes with other weaker binders.  
Three natural polymers amylopectin, silk protein and egg white protein have 
been used as the binders for Si anode respectively. The amylopectin gel was prepared 
by string the heated amylopectin suspension. The silk protein was extracted from the 
cocoons by multiple chemical treatments. The egg white protein was prepared by 
drying egg white under vacuum. The electrode with amylopectin shows an initial 
charge capacity of 3547 mAh g
-1
, an initial coulombic efficiency of 84.8% and 
remains a capacity of 1016 mAh g
-1
 after 100 cycles. The electrode with silk protein 
shows an initial charge capacity of 2717 mAh g
-1
, an initial coulombic efficiency of 
76.0% and a capacity of 1079 mAh g
-1
 after 100 cycles. The electrode with egg white 
protein displays a capacity of 3006 mAh g
-1
 and a coulombic efficiency of 77.9% at 
the first cycle, and it still keep a capacity of 1230 mAh g
-1
 after 100 cycles. The 
charge/discharge capacity curves and cyclic voltammetry results proved that these 
three different binders have different effects during the charge/discharge processes. 
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锂是密度最小的金属 (0.534 g cm-3)，将其作为电池负极使用可以使电池具
有较高的比能量；同时，锂具有最负的标准电极电势 (-3.045 V), 可以让电池获
得较高的工作电压。因此，早在 20 世纪 50 年代，就有研究者提出了以锂单质为



















们提出并受到广泛关注。Goodenough 等于 1980 年首次报道层状氧化物 LiCoO2









图 1.1 锂离子电池基本工作原理[5] 
 
 锂离子电池的基本工作原理如图 1.1 所示。当电池进行充电时，Li+从铝片上
负载的正极材料中脱出，然后发生溶剂化反应进入电解质；而负极则有电解质中

































短路。图 1.2 为商业化的圆柱形锂离子电池结构示意图。[6, 7] 
 
图 1.2 商业化圆柱形锂离子电池结构示意图[6] 
正极反应：   LiCoO2 Li1-xCoO2 + xLi+ + xe-      (1-1) 
负极反应：   6C + xLi+ + xe- LixC6                      (1-2) 








































有毒，会对生态环境产生负面影响；另外，尽管 LiCoO2 的理论比容量达到 274 
mAh g
-1，但为保持材料结构稳定性，在实际使用过程中，能真正释放出的比容



























二元、三元层状正极材料，[12-15] 其化学式可以写作 LiCoxNiyMnzO2 (x+y+z=1)。
通过多种过渡金属元素的混合可以弥补单一过渡金属元素时的正极材料的一些
缺陷。材料中 Ni 元素有利于提升材料比容量，Co 元素可以减少离子混排现象，
Mn 元素能保证材料结构稳定。这样的正极材料在比容量达到约 200 mAh g-1的
同时，还能够具有相对较好的循环稳定性，具有较大的发展潜力。 
LiMn2O4属于尖晶石型锂离子电池正极材料。由于 Mn 来源广泛，不污染环
境，在 LiMn2O4电极材料生产中较商业 LiCoO2占有优势。虽然 LiMn2O4正极材
料比容量不高，高温性能较差，在 3V 电压平台的 Li+嵌入脱出可能造成结构不
稳定，但尖晶石结构具有三维 Li+传输通道，材料经过合成工艺优化、改性后，
可以获得良好的循环稳定性，较高的电压平台和良好的安全性，使得 LiMn2O4
正极材料具有较大发展空间。[16-18] 在尖晶石 LiMn2O4里掺入 Ni 元素，则得到尖
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